Emotional stimuli interfere with other kinds of stimuli processing because they capture attentional resources in accordance with their adaptive importance. This suggests that it would be more difficult to inhibit emotional faces than neutral ones or objects. The present study evaluates the effects of facial emotional expressions on inhibitory processing using event-related brain potentials in a Go/NoGo paradigm. Event-related potentials were obtained in healthy subjects during emotional inhibition tasks involving anger and happiness, compared to non-emotional tasks based on simple objects and gender. Emotional tasks exhibited poorer performance than non-emotional ones. P3 latencies were longer during response inhibition to emotional faces than those obtained while inhibiting non-emotional stimuli. This study provides evidence that facial emotional content interferes with response inhibition since it may elicit additional neural resource demands.
Introduction
Every day, people are embedded in social relationships where recognizing facial emotional expressions is crucial for understanding the reactions and intentions of others. In this context, the human brain has developed mechanisms to identify emotional faces more quickly and accurately than other types of objects (Ro, Russell, & Lavie, 2001 ). However, emotional recognition is not the only important factor, as cognitive regulation of the response to others' emotional expressions is also necessary to generate appropriate decisions that lead to adaptive behavior.
Several studies have dealt with the influence of affective stimuli on cognitive processes such as attention, memory, executive functions and creative thinking (e.g., Banich, Mackiewicz et al., 2009; Delplanque, Lavoie, et al., 2004; Fenske & Eastwood, 2003; Finucane, 2011; Jaeger & Rugg, 2012; Lindström & Bohlin, 2012; Hoffstetter, Achaibou, & Vuilleumier, 2012; Pessoa, 2009; Pessoa, Padmala, et al., 2012; Phelps, 2006; Pourtois, Schettino, & Vuilleumier, in press; Sakaki & Niki, 2011; Sakaki, Niki, & Mather, 2012; Steidl, Razik, & Anderson, 2011; Vanlessen, Rossi, et al., 2013) . Emotional stimuli interfere with other kinds of stimuli processing because they divert attentional resources due to their adaptive importance (Ledoux, 1996; Vuilleumier, Armony, et al., 2001) .
Inhibition is a primary cognitive ability of executive functions and behavioral regulation that is relevant to both cognitive and emotional issues (Barkley, 2001; Bjorklund & Kipp, 2002; Ochsner & Gross, 2005) . Using a stop-signal paradigm, Verbruggen and De Houwer (2007) found that the level of arousal portrayed in emotional pictures is more important in inhibitory processing than their valence. They suggest that emotional stimuli interrupt ongoing cognitively-controlled activities by diverting attention from them. Some studies examining the effect of emotional valence using emotional pictures have reported that negative images produce more interference than positive ones (e.g., Delplanque et al., 2004; Hartikainen, Ogawa & Knight, 2000; Tipples & Sharma, 2000) . Thus, it is clear that emotions have an important effect on cognitive processes, including inhibition which is the main focus of the present study. must respond induces the establishment of a prepotent response, while a low rate of an infrequent stimulus (NoGo) in which subjects must withhold their responses, makes it possible to evaluate inhibitory abilities (Aron, Robbins, & Poldrack, 2004) .
Temporal activation of the neural substrates involved in inhibiting prepotent responses during Go/NoGo tasks have been studied using the brain event related potentials (ERP) technique, due to its high temporal resolution. The main ERP components associated with inhibition seem to be N2 and P3. N2 is a frontocentral negative deflection that commonly peaks between 200 and 400 ms after the stimulus. Its amplitude is higher in NoGo than in Go trials, and it has been suggested that it reflects inhibition processes related to frontal cortex functioning (Bokura, Yamaguchi, & Kobayashi, 2001) . P3 is a positive deflection with a maximum peak between 300 and 600 ms after the stimulus. It also shows higher amplitudes in NoGo than Go trials in the frontocentral regions; whereas in centroparietal areas a reverse pattern occurs that has also been implicated in inhibitory processes (Smith, Johnston, & Barry, 2008) .
A study conducted by Yu, Yuan and Luo (2009) using auditory emotional stimuli in a Go/NoGo design found an interferent effect of emotional stimuli on ERP components associated with inhibition. Specifically, the N2 component showed reduced amplitudes in NoGo trials only when emotional sounds were processed. In a visual Go/NoGo paradigm, Albert, López-Martin and Carretié (2010) examined the effect of neutral, positive and negative emotional contexts on a response inhibition task that used letters as stimuli. They found that the NoGo-P3 frontocentral amplitude was larger in the positive context than in the negative one, and was related to ACC activation. These results support the idea of an emotional valence effect on cognition.
On the other hand, the emotional valence effect could be enhanced when it occurs in a setting of naturally significant stimuli, such as faces. Emotion expressed in a face captures attention even when it is irrelevant to the task (Hodsoll, Viding, & Lavie 2011) . It is widely accepted that enhanced attention to emotional faces allows people to adapt their behavior so as to produce a more suitable response. Logically, then, it would be more difficult to inhibit responses to an emotional face than a non-emotional one, and emotions might exert a modulating effect on inhibitory processes. In particular, emotional expressions that have greater relevance for adaptation, such as anger depicts attentional superiority (Calvo, Avero, & Lundqvist, 2006; Pinkham, Griffin, Baron, Sasson, & Gur, 2010) , and even not being consciously perceived can cause an affective reaction leading to a more negative evaluations of neutral novel objects (Almeida, Pajtas, et al., 2013) . Therefore, threat related emotions could be more difficult to inhibit than happy or neutral expressions. In this regard, Schupp et al. (2004) found a facilitation effect in perceptual processing of threatening faces compared with nonthreatening neutral or friendly expressions, both in ERPs associated to early perceptual stimulus processing (early posterior negativity) and to later processing stages (late positive potentials). In the case of ERP the modulating effect of emotions could also be observed on late components traditionally linked to inhibitory mechanisms (N2-P3) or even on earlier waveforms associated with face recognition (vertex positive potential, VPP). VPP is recorded primarily at frontocentral sites between 140 and 180 ms after face presentation in relation to the face structural encoding stage that precedes the processing of emotional recognition (Jeffreys, 1996; Joyce & Rossion, 2005; Rossion et al., 1999; Yuan, Guan, et al., 2011) . Differences between emotions and neutral faces (Luo, Feng, et al., 2010) , and among different emotions (Williams, Palmer, et al., 2006) have been found in VPP amplitudes.
Recently, Zhang & Lu (2012) performed a Go/NoGo paradigm with facial emotional stimuli. In this study, subjects had to respond to gender in faces with a neutral expression or that depicted happy or fearful expressions, but not to the emotion itself. They found an increment in NoGo-P3 amplitudes in the emotional tasks, which they related to the attentional resources allocated to emotional faces.
Imaging studies have revealed the participation of different cortical regions in inhibitory processes specifically to facial emotional stimuli, using a Go/NoGo paradigm. Shafritz, Collins and Blumberg (2006) found greater activation in the VLPFC/anterior insula, posterior parietal cortex, ACC and left DLPFC during inhibition of happy and sad emotional faces. Similar results have been described by Hare et al. (2008) and Schulz et al. (2009) during inhibitory processes involving facial emotional expressions. In another FMRI study performed with happy and sad faces (Vanderhasselt, Kühn & De Raedt, 2011) , it has been found that high clinically healthy brooders, who frequently think about negative events, compensate for their difficulty in inhibiting negative information by recruiting more attentional control. This disengaging from the negative faces was correlated with more right DLPFC activation. Authors suggest that this mechanism might be based on an increased use of emotion regulation strategies.
Some studies have addressed the effects of emotional stimuli on inhibition processes using ERP in a Go/NoGo paradigm, regarding auditory emotional stimuli (Yu et al., 2009) (Albert et al., 2010) , and gender in facial expressions (Zhang & Lu, 2012) . Also, the effects of emotions expressed by human faces on the inhibition of a prepotent response have been explored by imaging studies (Shafritz et al., 2006; Hare et al., 2008; Schulz et al., 2009) ; however, to the best of our knowledge, such effects have not been studied using ERP recordings that, as stated above, may explain the temporal occurrence of cognitive processes, and might serve as an index of the modulating effect of emotional stimuli on these processes, specifically inhibition. Therefore, the objective of the present study was to evaluate the effects of facial emotional expressions on inhibitory processing by evaluating ERPs in a Go/NoGo paradigm.
Based on the empirical evidence mentioned above we hypothesized that facial emotional expressions would impair the response inhibition to faces with emotional content -when compared to objects or neutral facesbecause they divert additional attentional resources due to their adaptive importance. This interference might be stronger when the faces shown express anger instead of happiness, due to the former's adaptive significance. Any such effect would be observable in both behavioral performance and the amplitude and latency of N2 and P3 ERP components while performing a Go/NoGo task.
Method

Participants
Sixteen healthy, young, right-handed males (n = 10) and females, with ages ranging from 21 to 35 years (M = 25.43, SD = 4.35) volunteered to participate in the study. All had attended regular schools for 16 to 19 years (M = 17.31, SD = 1.25). Potential subjects with neurological or psychiatric antecedents, or who were undergoing medical treatment, or who were taking drugs were excluded from the sample. All subjects gave prior written consent to participate in the study after receiving a full explanation of the experimental procedures. The study was approved by the ethics committee of the Institute of Neuroscience.
Stimuli and Experimental Procedures
Subjects were seated in front of a computer screen at a distance of 60 cm and asked to perform four tasks that required them to inhibit the following: (1) non-facial stimuli (a specific object); (2) facial gender without emotional content (male faces); and, (3) two other facial emotional stimuli (anger, happiness) using a Go/NoGo task design. Two neutral emotional stimuli from the International Affective Picture System (IAPS, Lang, Bradley, & Cuthbert, 1997: numbers 7009 and 7233) were used for the non-facial task. Facial emotional expressions of 10 models (5 males and 5 females) with neutral expressions taken from Ekman and Friesen (1986) were used for the gender task, while 5 male faces were used for the happiness and anger tasks. The stimuli size was 12 x 18 cm and the images appeared in the center of the screen against a black background.
All stimuli were presented sequentially in the center of the screen for 500 ms with an interstimulus interval of 1000 ms. Each task consisted of 250 trials (70% Go, 30% NoGo). Task presentation was counterbalanced across subjects and each trial block lasted approximately 6 min. Participants were asked to respond as quickly and accurately as possible by pressing a key only during performance of the Go trials. Figure 1 shows an example of the four tasks. In the case of the object task, subjects had to respond to the presentation of a cup (Go) but withhold responses when a plate appeared (NoGo). In the gender task, subjects had to respond to female faces but withhold responses to male ones. During the anger inhibition task, subjects responded to happy facial expressions, whereas during the happiness inhibition task, they were to respond only when a male portraying an angry expression appeared on the screen. All participants were trained before each task to assure that they had fully understood the instructions and were sufficiently well familiarized with the operations required.
The following behavioral variables were all recorded automatically by software for later analysis: number of correct responses; reaction times when Go trials were responded to correctly; and correct inhibitions. 
Electrophysiological Recording
EEG was recorded continuously at Fp1, Fp2, F3, F4, F7, F8, T3, T4, T5, T6, P3, P4, O1, O2, Fz, Cz and Pz during task performance, according to the 10/20 International System, using linked earlobes as references with a digital Medicid 5 device (cut-off filters .5-50 Hz) at a sample rate of 250 Hz. Electrode impedances were kept below 5 KOhms. Electro-oculogram (EOG) was also recorded bipolarly from electrodes placed bilaterally on the supraorbital and infraorbital eye regions in order to eliminate segments contaminated by eye movement artifacts. Twenty artifact-free epochs time-locked with the stimulus onset from the Go and NoGo signal trials were averaged independently to obtain the ERP components. These epochs corresponded exclusively to correct responses and were equal on the 4 tasks (object, gender, anger and happiness). Each epoch lasted 900 ms including the pre-stimulus time of 100 ms used to determine the baseline. The amplitude and latency values of each component peak were measured individually.
Statistical Analysis
Repeated-measure ANOVAs were performed to analyze behavioral performance using a one-factor design (Tasks: object, gender, anger and happiness) for each behavioral measure (correct responses, correct inhibitions and reaction times).
ERPs were first analyzed using 3 way RM-ANOVAs (Conditions: Go/NoGo; Tasks: object, gender, anger and happiness and; Electrode site: Fz, Cz, Pz). Significance levels were established at p < 0.05 and adjusted using the Greenhouse-Geisser epsilon correction. Therefore, corrected p values are reported. Finally, post-hoc Tukey's t tests and Bonferroni corrections for pairwise comparisons were conducted to adjust significance levels. Table 1 shows the behavioral values for each task. The percentage of correct inhibitions was significantly different among tasks (F(3,45) = 9.81, p < 0.001) as it was higher for the objects than for anger and happiness (p < 0.01) and higher for gender than both anger (p < 0.01) and happiness (p < 0.03). The reaction time analysis for correct responses also demonstrated a significant effect for tasks (F(3,45) = 4.40, p < 0.01), with faster responses for gender than happiness (p < 0.004) in the Go trials. No differences were seen for correct responses during the Go trials. P3 latency also showed a significant interaction of Conditions x Electrode sites (F(2, 30) = 5.50, p = 0.01) where shorter latency was seen in Pz than Fz (p < 0.03) and Cz (p < 0.01) only in the Go condition.
Results
Behavioral Results
Tasks Differences
VPP component. The ANOVAs revealed significant differences among tasks in VPP amplitude (F(3, 45) = 9.22, p < 0.001) denoting that objects showed smaller amplitudes than anger (p = 0.02) and happiness (p = 0.001). In relation to VPP latency, significant differences were seen (F(3, 45) = 56.29, p = 0.001), where objects showed longer latencies than the facial tasks (p = 0.001).
N2 component. No significant differences were observed in N2 amplitude among tasks. Regarding to N2 latency, there were significant effects among tasks (F(3, 45) = 7.50, p = 0.001), as it was shorter for happiness than for objects (p = 0.01).
P3 component. Although P3 amplitude differences among tasks did not reach significant values, a tendency was observed (F(3, 45) = 2.41, p = 0.09). On the other hand, the ANOVAs that tested latency differences yielded significant effects for tasks (F(3, 45) = 16.83, p < 0.001), where P3 latency in the object task was shorter than in the anger (p = 0.004) and happiness tasks (p = .006) and; in the gender task than in the anger (p = 0.001) and happiness tasks (p = 0.001). There were no significant interactions. 
Discussion
The aim of the present study was to evaluate the effects of facial emotional expressions on the inhibition of the prepotent response in a Go/NoGo paradigm. As was expected, faces portraying an emotion -anger or happinessresulted in poorer inhibition performance than images of objects, or faces with no emotional expression. Similarly, P3 latencies were longer during response inhibition to emotional faces (anger and happiness) than those obtained while inhibiting non-emotional stimuli (objects and gender).
ERP amplitudes showed clear differences between the Go and NoGo conditions. VPP, N2 and P3 amplitudes were larger during the inhibitory condition, while N2 and P3 latencies were longer in this condition. For N2 and P3, however, this difference depended upon regional distribution. During the Go conditions, N2 showed a frontocentral predominance while in the NoGo trials the larger amplitude was more evident in central regions.
In general, the magnitude of P3 amplitudes has been observed as larger and latency as longer in the NoGo compared to the Go condition over the frontocentral areas (Fallgrater & Strik, 1999; Albert, et al., 2010; Chiu, www.ccsenet.org/ijps International Journal of Psychological Studies Vol. 5, No. 2; Holmes, & Pizzagalli, 2008; Gajewski & Falkenstein, in press ). The present results coincide with previous reports in which N2 has been related to cognitive control or response conflict (see Folstein & Van Petten, 2008 for an extensive review) or the inhibition of a premature response plan (Gajewski & Falkenstein, in press ). Géczy, Czigler and Balázs (1999) point out that the increased N2 to NoGo stimuli following Go cues might be related to increased efforts to activate the response inhibition system thereby interrupting preparations to respond.
Also, the NoGo-P3 component has been interpreted as most likely linked to the inhibition of overt responses (Bruin & Wijers, 2002) and to the efficiency of inhibitory control or the evaluation of the inhibition process (Liotti, Pliszka, et al., 2005; Schmajuk, Liotti, et al., 2006) . In this regard, Bokura et al. (2001) found different generator sources for Go and NoGo P3, which may suggest distinct functional roles. While Go-P3 sources were found in the parietal lobe and the left superior prefrontal cortex, the main source of NoGo-P3 was located in the left lateral orbitofrontal cortex. This finding seems to reinforce the abovementioned notion that Go and NoGo-P3 may reflect distinct processes. Regarding the typical centroparietal distribution of P3, and in accordance with the nature of the present experimental tasks in the Go trials, the distribution expected -and found-for P3 in the Go trials matched that reported previously for P3b component related to the attentional processing of target stimulus events (see Polich, 2007 for review) . Furthermore, during NoGo trials, P3 appeared enhanced mainly in central leads with longer latencies than in Go-P3, and thus corresponded to what it was expected for inhibitory related mechanisms in a Go/NoGo paradigm (Bokura et al., 2001 ).
The VPP has been related to a low-level stimulus stage of processing that responds preferentially to images of faces presented and to some common objects, though the latter only to a lesser extent. In addition, the VPP component is thought to be related to configurational face detection that precedes the processing stages of emotional recognition (Joyce & Rossion, 2005; Rossion et al., 1999; Yuan et al., 2011) . Although the VPP is largest over the midline frontocentral areas, its origin is probably located in bilateral sites of the inferotemporal cortex (for a review see Jeffreys, 1996) . In the present work, we observed that those conditions which included facial stimuli showed significantly larger VPP amplitudes and shorter latencies than simple objects, both when subjects had to respond to targets (Go) and when they were instructed to withhold their responses (NoGo). This effect might depict the stimulus-driven recruitment of additional cognitive resources due to the intrinsic relevance of the facial stimuli, as has been suggested previously (Westerhausen et al., 2010) . In contrast to other studies in which differences between emotions and neutral faces (Luo et al., 2010) , or between different emotions (Williams et al., 2006) , were observed with respect to VPP amplitudes, we found no relevant differences between neutral and emotional faces or between angry and happy ones; results that would seem to suggest a VPP association with configurational information processing more than with facial emotional processing. However, VPP also showed smaller amplitudes and longer latencies in non-facial than facial stimuli proving to be sensitive to the inhibitory demands of the task. This could open the possibility that VPP reveals more than just a simple stage in facial configuration encoding but actually reflects the cognitive resources engaged in this process, mainly attentional ones. In this case, VPP might increase its magnitudes with additional cognitive effort such as that required to deal with more complex and attractive stimuli including faces, especially emotional ones. Furthermore, the changes observed in VPP, together with other early face-sensitive components, could be used as markers to track the time course of face processing (Yuan et al., 2011) , as well as the effects of emotional content within this time course.
On the other hand, facial emotional expressions also modulated late stimuli processing; given that behavioral results revealed that emotional stimuli interfered with inhibitory mechanisms, as demonstrated by the inhibition accuracy and longer reaction times. In addition, P3 amplitude showed a tendency to be higher and P3 latencies were longer during emotional tasks compared to non-emotional ones. An increase in latency was present in both the Go and NoGo trials; findings which may indicate that emotional stimuli require more time and additional processing resources in order to be recognized and categorized. In this regard, Mikhailova and Bogomolova (2000) found that the latencies of the N3 and P3 waves, which are associated with the later stages of information processing, increased when subjects were asked to recognize emotional facial expressions compared to those recorded during passive observation.
Although, P3 amplitude did not reach significant values between emotional stimuli and non-emotional ones a tendency can be observed, that may suggest that the emotional content of a face interferes with inhibitory processing and thus concord with those of Schulz et al. (2007) in Go/NoGo facial emotional tasks compared to non-emotional ones.
Similar results were reported by Yu et al. (2009) , who found an interfering effect of emotional stimuli on ERP components associated with inhibition using auditory emotional stimuli, though the main effect they found was a reduction of N2 amplitude. Zhang and Lu (2012) performed a similar Go/NoGo paradigm to the one used in the www.ccsenet.org/ijps
International Journal of Psychological Studies Vol. 5, No. 2; present study; the only difference being that the emotional task was implicit; i.e., subjects had to respond to gender in faces with a neutral expression or ones that depicted happy or fearful expressions, but not to the emotion itself. They also found an increment in NoGo-P3 amplitudes in the emotional tasks, which they related to an automatic response inhibition in which the more attentional resources that were allocated to emotional faces, the greater the inhibition of the emotional response.
There is evidence to suggest that emotion naturally facilitates attention, mediated primarily by an arousal effect in which the main structure involved is the amygdala (for a review, see Phelps, 2006) . However, other studies have found that emotion attracts attention, and thus impairs cognitive processing (Fenske & Eastwood, 2003) .
Regarding the P3 latencies and the tendency of P3 amplitude to increase, our results may concord with the notion that affective stimuli capture attentional resources, and thus could affect not only the recognition and categorization of such phenomena, but also the inhibitory processing required to withhold responses.
It has been reported that facial emotional content acts not only as a recruiter of attentional resources but also promotes neural activity in additional areas to those related to the inhibition of letters, and that this can be modulated by emotional valence (Shafritz et al., 2006) . This may indicate that P3 reflects those inhibitory processes influenced by the emotional significance of the stimuli and, therefore, reaches higher amplitudes in experimental tasks involving greater relevance; i.e., faces with emotional content. Also, P3 latencies were longer during inhibition of emotional faces than non-emotional and objects that may be related to a certain difficulty in the stimuli processing of this emotion. Therefore, these results could be related more to differences in the stimulus complexity, than to emotional content. This would mean that decisions based on facial emotions might require additional processing resources when compared to neutral faces; thus the comparison of non-emotional and emotional tasks could be biased by the physical complexity of differences among the stimuli. However, Gajewski and Falkenstein (in press) found that the amplitude of the NoGo-P3 decreased with rising task difficulty, instead of increasing, in a Go/NoGo task. In addition, it has been stated that the processing of anger expressions is more complex than that of happy faces (Kirouac & Doré, 1984) though the present study found no behavioral differences nor electrophysiological differences between these two tasks, and thus casts doubt on the theoretical statement that higher complexity of facial emotions could be responsible for the differences in inhibition observed in non-emotional vs. emotional tasks.
Turning to stimuli relevance, one would expect that the effects of emotional content on inhibition would be greater for angry faces than for happy ones, due to the adaptive value of threats. An angry face can activate neural systems related to fear, especially the amygdala (Habel et al., 2007) . Indeed, anger and fear may represent threatening events that must be identified and analyzed rapidly. As a result, one might expect that it would be more difficult to disentangle attention from anger than from happiness. However, observations have shown that happy faces are more efficiently detected than anger in visual search paradigms (Becker, Anderson, et al., 2011; Calvo & Nummenmaa, 2008) and that response inhibition is more difficult with happy stimuli than negative ones (Schulz et al., 2007) . In the present study, these two emotions induced similar processing effects in terms of both processing time and the resources involved.
The neural structures that participated in this effect of emotional faces on inhibitory processes cannot be described, as we did not conduct a source analysis or fMRI study. However, these effects may be related to the interaction of the two networks proposed by Schulz et al. (2009) during inhibition of responses to emotional faces: on the one hand, the frontoparietal circuit that exerts inhibitory control; and, on the other, the frontostriatal circuit, which is engaged in the decodification of emotional signals. Another point to be taken into account is the participation of the ACC in emotional valence, as has been described in other studies (Albert et al., 2010; Elliot, Rubitnsztein, et al., 2000) . In this regard, Pessoa (2009) points out, hypothetically, that the anterior cingulate cortex is engaged in attentional/effortful control mechanisms and interaction with several other brain structures, including the amygdala and nucleus accumbens, in integrating affectively significant signals with control signals in the prefrontal cortex.
Conclusion
In conclusion, the current study provides evidence that face-emotional content interferes with response inhibition in a way that may be related to its social-adaptive importance. While an early face configurational component, VPP, is basically affected by facial informative complexity, P3 latency mainly in the No-Go trials were more sensitive to emotional significance than to gender or simple objects, thus making it more difficult to inhibit them. As present results suggest, the cognitive regulation of the response to others' emotional expressions goes beyond the simple perception, recognition and classification of affective stimuli to demand recruitment of additional neural resources; a finding that could explain the variations observed in both the ERP components and www.ccsenet.org/ijps
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It would be interesting to apply this facial emotional Go/NoGo approach to groups that manifest behavioral alterations such as anxiety, impulsiveness and aggression; as well as in psychopathological populations such as schizophrenia and depression patients, where executive functions and/or emotional processes are known to be affected.
